MATERIALS AND METHODS

Data Source
The information used to develop NN models was obtained from a local commercial broiler breeder (Ross 308) farm (Zarbal Broiler Production Integration, Chamestan, Mazandaran, Iran) during early egg production (25-29 wk). Data were collected from 7 flocks, with 14 houses each, where each house provided a data line. By breaking down the early egg production data collected from 98 breeders houses into weekly intervals, 5 NNbased models were developed for 25 to 29 wk of age. Starting with these data lines for each week, the NN models were trained by 69 data lines and the remainder (n = 29) were considered as the testing set. The variables of interest for developing NN models were ME (kcal/bird per day) and CP, TSAA, Lys, Ca, and available P (g/bird per day). All flocks were in the first cycle of production and fed with corn-soybean meal diets. The management and feeding programs were based on Ross Breeders Ltd. (2007) . The houses and data lines used to construct the 5 NN models (25, 26, 27, 28, and 29 wk) are summarized in Table 1 . The general specification of the data pattern used to develop the NN model for hens during early egg production is shown in Table 2 .
NN Model Development
The quality of developed NN-based models depends mostly on a proper setting of the NN architecture, which is learning algorithm, transfer functions, range, and distribution of data used for training and testing sets. In this study, 5 feed-forward multilayer perceptrons were employed to estimate the early egg production (%) of broiler breeder hens. The variables of interest for constructing the models consisted of the intake of ME, CP, TSAA, Lys, Ca, and available P. The configuration of all developed models consisted of only 1 hidden layer, the hyperbolic tangent considered as an activation function, whereas quasi-Newton was used as a training algorithm. The number of hidden neurons was determined using the trial and error method to achieve the best prediction performance in both training and testing sets. Two random data groups were considered in models development. The first group was the training set, which was used for updating the network weights and biases, and the remainder was considered as the testing set, which was used to examine the final quality of the developed models. Statistica Neural Networks software version 8.0 was used to construct and train the NN models (StatSoft, 2009) . Quantitative examination of the predictive ability of both models was made by R 2 , MS error, and bias.
Model Optimization
Optimization is defined as finding a set of values for input variables in which the predictive model yields the desired responses. Therefore, the optimized early egg production models describe the intake of ME, CP, TSAA, Lys, Ca, and available P required to maximize weekly egg production during 25 to 29 wk of age. The random search method, as a common optimization method provided in the Statistica software (StatSoft, 2009) , applied to the developed models. In this method, iterative random samples of the input variables are taken. If the newly found value is better than the previous value, the new results are stored. This process is repeated until the end of iterations is reached. The ability of this method to optimize biological responses has been proven earlier (Ahmadi and Golian, 2010) . The random search should be confined to the data range in which the models were developed; otherwise the search may lead to unreliable results.
RESULTS AND DISCUSSION
Efficient poultry production requires accurate information and statistics that enable the decision makers to act in a timely manner. This is especially true for monitoring and controlling growth and development. However, little information is available on the nutritional requirements of broiler breeder hens during different weeks of production because most of the designed experiments consider the whole production cycle (Enting et al., 2007; Plumstead et al., 2007; Gibson et al., 2008) . A typical egg production curve for a flock increases rapidly during the first weeks of production and then decreases at a constant rate to the end of the production period (North and Bell, 1990) . Therefore, the nutrient requirements of broiler breeder hens change rapidly. In this way, the present study was conducted to estimate early egg production (25-29 wk of age) in broiler breeder hens at weekly intervals and to determine the nutrient requirements using the NN-based models. In all prediction models, the candidate input variables were the intake of ME, CP, TSAA, Lys, Ca, and available P. The relationship between the actual and the estimated values for each egg production model is shown in Figure  1 . If the acquired model is precise, all data points will lie on the straight line through the origin. In our study, most of the data formed a cluster along the solid line. This means that the NN-based model was constructed successfully with high accuracy (Figure 1) . The statistical results for the prediction ability of the NN-based models are shown in Table 3 . Based on the selected criteria to evaluate the performance of NN models (R 2 , MS error, and bias), the predictive ability of models was satisfactory. High R 2 values in both training and testing sets indicated that overlearning and underlearning did not occur in the developed models. The ability of an NN model to estimate output variable accurately when presented with input variables never seen during training (i.e., testing set) is called generalization ability. Overlearning is observed when the NN model memorizes the training data but cannot generalize well. Underlearning is a situation in which the NN model has difficulties learning from the training data itself. The possible reasons for such situations are insufficient hidden neurons, or insufficient training, or training gets stuck in a local minimum (Devabhaktuni et al., 2001) . Figure 2 shows the distribution of the residual values, difference of observed and predicted values of egg production, about zero mean obtained by the NN models. In this figure, the vertical axis scales of all plots were considered identical, which helps the reader to compare the prediction ability of the NN-based models in different weeks (Figure 2) . Therefore, the higher prediction ability of the NN models occurred in wk 28 and 29 compared with other weeks.
Optimization of the developed NN models is a useful option in decision making and nutrient requirements recommendation. This is especially important in broiler breeders where experiments are time consuming and expensive or level of feed intake is controlled and a feeding program from different available programs should be selected. Optimization is defined as the procedures used to make a system as effective or functional as possible. The optimization results for the NN models developed to estimate early egg production in broiler breeders are shown in Table 4 . The optimization results revealed that the broiler breeder hens consuming 407, 457, 470, 486, and 487 kcal of ME/bird per day had the highest egg production during 25, 26, 27, 28, and 29 wk of age, respectively. The Ross 308 breeder recommendations for the ME intake during early weeks of egg production (25-29 wk of age) were 389, 412, 437, 462, and 462 kcal/bird per day, respectively (Ross Breeders Ltd., 2007) . Based on the optimization procedure conducted in the present study, it seems that the Ross 308 breeder guideline for the required ME during this period might be insufficient to maximize egg production. The maintenance requirement of these heavy birds is far higher than that of commercial laying hens and, therefore, a far higher proportion of the breeder's energy intake is used for maintenance purposes.
Because feed intake in broiler breeders is controlled, the energy intake will always be a limiting nutrient. However, the aim is to provide all other nutrients within the allocated feed. Returning to the discussion of the differences between the optimization method and Ross guideline for ME intake, it seems that higher value of production obtained in this study as compared with the standard levels may explain these differences. The NN-based models optimization results indicated that, except for the first week of production, the recommended level of intake protein for gaining optimal egg production was higher than that of the Ross guidelines. Previous studies showed that a high level of dietary protein maximizes the amount of carcass protein available for egg production (Joseph et al., 2000) . However, the level of protein in the diet is of secondary impor- tance to daily intakes. The optimal intake of TSAA and Lys, suggested by NN models, were relatively higher than that of Ross guidelines (Table 4) . Bowmaker and Gous (1991) studied the effect of dietary Lys and Met on broiler breeder performance and stated that higher levels of Lys (0.92-1.30 g/bird per day) and Met (0.33-0.52 g/bird per day) resulted in the best performance, especially in terms of egg production, suggesting that the Lys needs could have initially been underestimated (0.76 g/bird per day) by the National Figure 2 . Neural network models residuals obtained from 98 broiler breeder houses for early egg production (25-29 wk of age). Research Council (NRC, 1994) . Higher levels of Lys to support good performance have also been reported by other authors (Harms, 1992) . A review of the literature on TSAA requirements of broiler breeders for egg production showed some variability. Waldroup et al. (1976) reported the TSAA requirement to be 0.67 g/bird per day for egg production, whereas Cave et al., (1990) suggested higher values of 0.96 to 1.05 g/ bird per day. This variability in the results has been attributed to differences in body size (Pearson and Herron, 1980) or level of feed intake (Wilson and Harms, 1986 ) and season of the year. In our previous study on the sensitivity of predictive model analysis in broiler breeder response to nutrient intake, we concluded that broiler breeder hens consuming 478 kcal of ME/bird per day, 23 g of CP/bird per day, 0.72 g of Met/bird per day, and 1.45 g of Lys/bird per day showed the highest egg output in the early stages of production (Faridi et al., 2011a) . The intake of Ca and available P were the other variables optimized in our study. For 25, 26, 27, 28, and 29 wk of age, the optimal levels of Ca intake were 4. 48, 4.6, 5.3, 5, and 5 .4 g/bird per day, respectively, and the optimal levels of available P intake were 0.48, 0.55, 0.6, 0.61, and 0.62 g/bird per day, respectively. It seems that, like other investigated nutrients, the optimal values of Ca and available P obtained here were higher than that of Ross guideline recommendations. Calcium and P have an important role in the normal bone system development of broiler breeders and in egg hatchability. Unlike eggs from laying hens, the eggs from broiler breeders must fulfill the requirements of the embryo and subsequent chick for optimal growth. However, the P needs of broiler breeder hens for production and progeny performance have not been well investigated. It is important to notice here, along with determining nutrient requirements, that overfeeding in broiler breeder hens during production results in excess of large yellow ovarian follicles (Yu et al., 1992) and consequently a decrease in production of settable eggs. Normally in a broiler breeder laying cycle of 40 wk, only 1 or 2 types of feed are used. Therefore, feeding recommendations are based on the assumption that variations in feed intake give the bird sufficient flexibility to meet its changing nutrient requirements (Fisher, 1998) . However, no logical reason exists why both energy and nutrient requirements should change in parallel with age. Therefore, nutritionists should attempt to maintain the energy and nutrient (especially amino acid) requirements separately. The proportion of optimal nutrients (input variables) to energy intake, as the first limiting nutrient, obtained from the NN-based models and Ross guidelines is shown in Table 5 . Based on these results, the optimal value of nutrient intakes in broiler breeder hens during different weeks may not change in constant proportion to energy intake. Therefore, allocating 1 feed to the entire 40 wk of production may not meet the broiler breeder requirements.
In conclusion, it is revealed that the NN models are a relatively new, promising method in predicting performance of broiler breeder hens based on dietary nutrient intakes. The overall optimization results showed that the Ross guidelines underestimated the nutrient requirements of broiler breeder during early egg production. Moreover, the energy and other nutrient requirements of broiler breeders may not change in parallel with age. However, the paradox of meeting nutrient requirements and over-or underfeeding problems in broiler breeders warrants further investigation. 
